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Abstract. The extensive development of modern educational methods and scientific thinking has led
to the study of innovative processes and the creation of new automated information retrieval systems.The
implementation of new computer technologies allows the use of conventional information retrieval systems
in the subject area for educational and informational activities, which can be described by a hierarchical
dictionary — a thesaurus. This article presents one of the innovative methodological directions in the field of
education: the process of automated reconstruction of a specific thesaurus. The creation of educational and
informational materials, which involves searching and processing large volumes of information, is linked to
the growth and improvement of modern information methods of learning. An important and necessary
condition for the implementation of these methods is the preparation and creation of innovative projects and
educational information retrieval programs. The extensive development of teaching methods in this scientific
direction leads to the study of innovative processes and the creation of new automated information retrieval
systems. To obtain effective solutions and impressive results from these studies, new computer technologies
enable the use of conventional information retrieval systems for named searches of scientific and technical
information. Any subject area of educational and informational activities can be described by a hierarchical
dictionary of concepts in that area — a thesaurus. Furthermore, for most subject areas, such thesauruses have
long been compiled.

Keywords: innovative process, information retrieval system, thesaurus, hierarchical dictionary,
descriptors.

Introduction. The introduction of new directions by the European Union in education and the
development of modern education, the increase in the number of large-scale complex projects
located across various territories, and the need for appropriate relationships in their implementation
at multiple levels of innovation in educational activities significantly enhances the role of systems
for educational and informational support in the processes of training and creation of innovative
projects and programs [1].

A thesaurus is a tree of concepts for a given subject area, starting with the most general
concepts at the top and ending with the most specific and narrow ones at the bottom. Words (terms)
in a thesaurus are typically related by "general-specific," "whole-part," and similar relationships.

In a broader sense, a thesaurus is interpreted as a description of a system of knowledge about
reality, which is possessed by an individual information carrier or a group of carriers. This carrier
may function as a receiver of additional information, resulting in changes to its thesaurus. The
original thesaurus, in turn, defines the receiver's ability to process and receive semantic information.

The term "thesaurus" is widely used in computer science as a component of information
retrieval systems.

An information retrieval thesaurus is a dictionary of terms and phrases, compiled according to
specific rules, for a particular subject area, created to improve the quality of information retrieval
within that field [2-3].

E-learning has become an integral part of modern education globally. In terms of e-learning
adoption, Kazakhstan lags behind global leaders in this field (the United States, Finland, Singapore,
South Korea, Canada, Australia, and New Zealand) by several years. At the same time, the
educational models created by these countries, which are also economic leaders, are successfully
working to achieve the strategic goal of increasing the country's competitiveness.

The introduction of information technologies based on the advantages of electronic computing
technology at all stages plays a huge role in increasing the effectiveness of education.


https://doi.org/10.52081/mpimet.2025.v11.i3.059
mailto:Huseynov.h.i@mail.ru
https://orcid.org/0000-0002-4342-9857

The development of technology has contributed to the emergence of fundamentally new
methods of information processing, a qualitatively new method of understanding the world, the
creation of new ways of recording information and new forms of documents, changes in the format
of documents and the possibilities for their storage, accounting and distribution. With the advent
and development of electronic computing technology, computers, and digital information
technologies, a special group of documents has emerged—electronic digital documents, the
recording method of which is based on the principle of converting information into encoded digital
form. The simplest form of representation for electronic digital documents is the file form. A file
serves as a carrier of digital documented information during its creation, storage, use, and
transmission over telecommunications channels, serving as a kind of "electronic paper" for an
electronic document.

Technical devices act as intermediaries in informational communication between people,
allowing them to obtain information inaccessible to direct human perception, quickly process huge
amounts of data, transmit information over long distances, and preserve it for future generations.
When talking about automated work with information using any technical devices, what is
primarily meant is not the content of the information, but the form of its presentation.

In connection with these trends, the problem of creating high-quality electronic textbooks,
manuals, laboratory practical training, reference books, etc. based on modern computer
technologies is becoming increasingly urgent. Hypertext and multimedia tools (graphics, animation,
audio, and video) allow for the presentation of educational material in an interactive and visual
format, ensuring the rapid retrieval of necessary information. Computer-based training and
assessment enhance the learning process and provide a rapid assessment of students' mastery of the
educational material.

The Concept of the e-Learning System for 2018-2013 states that “The Ministry is taking
measures to create educational resources in the form of electronic textbooks and multimedia
educational programs. However, the created electronic textbooks, manuals and programs are
distributed on CD and DVD media, are not web-oriented and are not intended for sharing and
multiple use via the Internet.

When creating e-learning courses, developers must consider the requirement to support
international standards to ensure compatibility based on SCORM, the de facto standard for e-
learning systems. However, compliance with educational standards for Kazakhstani e-learning
developments is currently only a recommendation..

In 2018, Azerbaijan approved the Rules for the Preparation, Review, and Publication of
Textbooks, Teaching Aids, and Manuals. However, lists of approved educational materials,
including electronic textbooks, are not published online and, therefore, are not accessible to
potential users of educational resources.

A separate issue is the development and promotion of teachers' original electronic
developments. Currently, there are no uniform requirements for the procedures for distributing such
resources, and there are no effective mechanisms for motivating and incentivizing teachers who
develop electronic educational materials. There are no rankings of the best developments.

An important condition for the functioning of the e-learning system is to ensure transparency
and openness of the educational process, in accordance with the requirements of the best
international practices and the need to position Azerbaijani education in international rankings.
TIMSS, PISA, carried out by the International Associations for the Evaluation of Educational
Achievement.

The Azerbaijani educational environment is represented online by websites of educational
organizations, regional education departments, and subordinate agencies of the Ministry. Catalogs
of electronic educational resources are published online only on the websites of their developers.
There are no unified catalogues of educational websites in Azerbaijan, which hinders the wide
dissemination of information in the field of education, on the informatization of education, and the
popularization of Azerbaijani educational resources.



A modern information educational environment should unite, taking into account the needs of
all participants: structural divisions and subordinate organizations of the Ministry, regional
Education Departments, heads and teachers of educational organizations, students, and their
parents. A modern information educational environment should unite, taking into account the needs
of all participants: structural divisions and subordinate organizations of the Ministry, regional
Education Departments, heads and teachers of educational organizations, students, and their
parents.

The e-learning system includes distance learning capabilities with the active use of network
technologies, via a local network and the global Internet.

The open distance learning system Moodle (www.moodle.nci.kz) is available on the website
of the National Center for Informatization, which contains a fully functional modular LMS
(Learning Management System) environment and is standardized in accordance with international
standards for educational technologies. However, due to insufficient access to the Internet among
educational organizations and potential users, this system has not been widely used in Azerbaijan.

Thus, the use of an e-learning system will only be effective if it is integrated into real
educational processes in interaction with all participants in these processes.”

Materials and Methods of Research. In the field of application of information retrieval
thesauruses, two main directions are distinguished: document indexing using specific rules that
utilize the semantic meaning of the text, and the use of hierarchical, associative, and synonymous
relationships when processing user search queries. In addition, semantic relationships between
descriptors can be used for the classification and categorization of documents, creating a list of
words related to the query, and solving some other information retrieval tasks. The following figure
illustrates an example of the use of a thesaurus in an information retrieval system:
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Figure 1- Example of Using a Thesaurus in an Information Retrieval System

A thesaurus consists of concepts, which typically contain one or more descriptors linked by a
synonymy relationship. Descriptors are words and phrases that reflect the key concepts of the
subject area. Concepts can be connected by associative, hierarchical, and other types of
relationships [4-6].



Let's consider the process of automating the extraction of terms from a subject area within a
text, given a thesaurus.

Suppose we are provided with a general thesaurus of the subject area. Then, all the terms that
define the concepts of this thesaurus are represented as a set X,, Y — represents the set of terms
found in the text Z. Our task is to find:

F=X,NY (1)

It is assumed that the original thesaurus is complete, i.e., the set of its terms should include all
the terminological phrases used in the text. For the practical application of this method, it is
sufficient for the majority of terms to be present in the thesaurus. The exact value of the term
presence coefficient in the thesaurus relative to the total number of terms in the text cannot be
determined, as currently, the classification or non-classification of a term as part of the subject area
is an expert decision.

The problem of terminology extraction in natural language texts is one of the limitations
imposed on the use of this method.

The greatest difficulty in the stage of extracting the terminology of a subject area from a text
lies not in determining the intersection of sets but in defining the sets X, and Y themselves.

While all terms of the thesaurus, being the terminological components of the thesaurus, should
initially be isolated into a separate database when the thesaurus is created, the extraction of the set
of terms from the text Z appears to be more problematic due to several features of the natural
language description of the subject area. Natural language descriptions of any subject area are
characterized by certain constructions used for text compression, such as coordinate terms,
anaphoric constructions, and elliptical reductions [7-8]. An additional problem is homonymy. Some
problems related to coordinate terms, anaphoric constructions, and elliptical reductions can be
effectively solved by introducing a broad set of synonyms into the initial thesaurus. However, issues
related to homonymy can only be effectively resolved through statistical analysis of the context
surrounding the term suspected of being a homonym. A term can be assigned to a specific
synonymous node in the thesaurus graph based on the highest number of matching terms found in
the surrounding context, which corresponds to the nearest terms in the thesaurus suspected of
homonymy. For these "nearest terms" in the thesaurus (i.e., with a proximity radius of 1), terms
connected to the suspect term by any type of relationship are chosen. If this is not sufficient, one
can expand both the segment of the text being analyzed, which contains the term suspected of
homonymy, as well as the radius of the term’s surrounding context in the thesaurus.

Figure 2 — Thesaurus Radius for a Term



Figure 2 illustrates the rules for extracting terms from a general thesaurus for analysis, with
the goal of resolving homonymy. This method has been successfully applied in machine translation
systems, with the difference being that for all possible meanings of homonyms, a separate list of
possible surrounding words was created. The method's effectiveness reached up to 98%. In the case
of using a semantic thesaurus, such a base for any term can be generated based on the thesaurus
itself, using the method described above. However, statistical methods cannot fully overcome the
difficulties of terminology extraction related to natural language reductions and homonymy. This
limitation is one of the challenges when using the proposed techniques for automating hypertext
design based on text using a semantic thesaurus. To address such problems, content analysis
methods are typically used, which are effective but costly and time-consuming [9].

To construct a specific thesaurus, we introduce the concept of the matrix Ws,. The rows and
columns of this matrix correspond to the concepts s; and s;, and the elements of the matrix represent
the presence or absence of a relationship R between them. W, is built for each type of relationship
in R.

Wk;=1 — if there is a relationship of type k between concepts s; and s;.
Wk;j=0 — if there is no relationship of type & between concepts s; and s;.
The matrices of inverse relationships,

Wpe =Wep, (2)

W, = Ui Wy, 3)

Where k is the number of semantic relations, i.e., elements of the space R.

The union is performed by the logical OR operation over the elements of the relationship
matrices.

Principle of forming relationship matrices for a specific thesaurus:

The order of the matrix Ws, is determined by the dimensionality of the array S.

X UX;, % 0 (4)
lf SiO = S]
and Sio = Sk]/ , then rl'lo = T)k-y

Thus, the elements of the relationship matrix for a specific thesaurus are defined based on the
types of relationships. The value corresponding to the intersection of the row and column of the
original matrix is taken as the element.

The specific thesaurus constructed in this way is a subset of the general one. It contains the
terminology of the text and the thesaurus relationships between the terms in the text. The specific
thesaurus, which has the structure of a graph, will form the basis of the relationship graph for the
designed hypertext system [10-11].

Discussions and results. If at least one term from the general thesaurus of the given text is
present, a specific thesaurus can be created for this text. However, not every specific thesaurus
allows the automated establishment of a hypertext system in such a way that the principle of
generalizability is also taken into account, since similar relationships maintain the connectedness
property of the hypertext system graph, while semantic search based on them becomes more
difficult. In this context, it is necessary to consider the limitations on using the method depending
on the properties of the specific thesaurus.



There are various mathematical methods for checking graph connectivity, such as depth-first
search in graphs, or multiplying the adjacency matrix by itself and analyzing the result. However,
these methods are more complex to implement programmatically.

There is also the possibility of using a method for automated correction of a specific
thesaurus.

The correction method for the specific thesaurus is based on the following principles:

1. Pruning disconnected subgraphs involves selecting the connected component of the
specific thesaurus with the largest number of nodes from all available components.

2. Linking frames into a network involves adding paths from the general thesaurus to the
existing structure to ensure the system's connectedness and reconstructing missing paths by
identifying vertices with no incoming hierarchical links and adding additional vertices and
connections from the general thesaurus until the structure becomes fully connected. When
reconstructing the linking paths, additional vertices from the general thesaurus are added to the
specific thesaurus, along with connections between these vertices and the terms.

Reconstruction is performed from the "dangling" vertices strictly from bottom to top, until the
upper vertex is either the last in the hierarchy of the general thesaurus or belongs to the specific
thesaurus and is no longer dangling. Then, all vertices and arcs of the resulting connected structure
are removed, starting from the only dangling vertex, following the direct hierarchical relationships
until a vertex is encountered that has more than one lower term in the hierarchical relation. This
vertex should be kept as the first in the hierarchy for the corrected specific thesaurus. Figure 3
illustrates the principles of using both methods [12-13].

It is also possible to combine the pruning and reconstruction methods using the general
thesaurus to obtain a connected structure for the hierarchical thesaurus. Pruning should be applied
to those connected components of the specific thesaurus whose connecting paths exceed the
maximum allowable length. If the amount of terminology being pruned is significantly smaller than
its total amount, it is advisable to construct a hypertext system based on such a specific thesaurus
using the proposed method.

A. Bringing the specific thesaurus graph into a connected form using the pruning method
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B. Bringing the specific thesaurus graph into a connected form using the reconstruction method based
on the general thesaurus. The shaded nodes of the graph are restored using the general thesaurus

Figure 3 — Methods for correcting the specific thesaurus

The values of the maximum allowable path length connecting semantically distant subgraphs
of the specific thesaurus and the coefficient ratio of the number of pruned nodes of the specific

Nomp

thesaurus to their total number kg, = — o are the criteria for the feasibility of constructing a

hypertext system based on the thesaurus method for the textual material. The values of these
coefficients can only be identified through the accumulation of experience in the practical use of
this method, either by statistical analysis of these values or through expert assessments. Expert
assessments of these values [14].

lcd - 4,
Komp = 0.1

Thus, the connectivity properties of the specific thesaurus graph, derived from the source text,
allow conclusions to be drawn about the suitability of the text source for automating the
construction of a hypertext system using the thesaurus method.

Conclusion. The implementation of modern automated thesaurus methods in the educational
and informational process, covering all the terms of the subject area present in the original text and
possessing some terminological redundancy, makes it possible to construct a hypertext system
based on such a specific thesaurus, provided the principle of generalizability is followed. This is
achievable under the condition that the general thesaurus graph is connected. In the degenerate case,
the system can be constructed from the entire general thesaurus graph. However, for some frames of
the system, there may be no informational articles. In such cases, the question should not be about
the feasibility of automating the formation of the hypertext system, but about the advisability of
using this method. A situation may arise where the number of connecting terms exceeds the number
of terms in the specific thesaurus, making it obvious that building the system using this method is
not practical. For example, this could happen if two or more semantically unrelated passages, or
passages linked only by association, are submitted for analysis. In this case, the semantic proximity
of the connected subgraphs should be considered, with the criterion for this proximity being the
length of the minimum path in the general graph that connects the root vertices of the subgraphs
[15].

The most optimal solution to determine the feasibility of constructing a hypertext system
appears to be limiting the length of the connecting path to one or two nodes. If the connecting path
is longer, the decision should be made that constructing the system using this method is impractical.
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BIJIIM BEPY ITPOILIECIH/IETT ABTOMATTAH/IBIPLLIFAH TE3AYPYCTBIH HETI3TT
OMIICTEPI

I'yceiinoB X.HU., hm3uka FRUTBIMAAPBIHBIH JOKTOPHL, Ipodeccop
Ozipbatidcan caynem dcone Kypulivic yHugepcumemi, baxy, O3ipoaiiican

Angarna. FeutbiMu OIbIH 3aMaHayd OUTiM Oepy 9IICTEpiHIH KeH KoJjieMJIe JdaMybl WHHOBAIUSIIBIK
MPOLIECTEPl 3EPTTEyre *KOHE KaHa aBTOMATTAHIBIPBUIFAH aKHMapaTThIK 137Iey JKyHelepiH KypyFa oKeleml.
Kana KOMIBIOTEPIIK TEXHOJOTHSJIAPABI €HTi3y OiniM Oepy jkoHe aKMapaTThIK ic-opeKeTTep YILUiH MOHAIK
cajajia KoIiMIl aKnaparThIK 13/1€y *KYyHenepid maigaianyra MyMKIHIIK Oepe/ii, OHbl HePapXHUSIIBIK CO3IIK —
Te3aypyc apKbUIbl cumarrayra Oosaapl. byn makamaga OuriM Oepy cajachbiHIarbl MHHOBAIMSJIBIK OKY-
ozicTeMeNiK OarbITTapAbIH Oipi: HAKTHl TE3aypyCTbl aBTOMATTAaHABIPBUIFAH KalTa Kypy Ipoleci OepijreH.
AKMapaTTbIH YJIKEH KOJIEMiH 137ey MEH OHACY/l KO3/ICHTIH OKy-aKIapaTThIK MaTepHaaapasl Kypy 3aMaHayd
aKIapaTThIK OKBITY OMICTEPiIHIH OCYIMEH >KOHE KETLAipinyiMeH OaliaaHbICTBl. By omicrepai sxysere
ACBIPYJBIH MaHBI3/IBI XKOHE KaXETTIi IapThl MHHOBAIUSUIBIK jk00anap MeH OiniM Oepy akmapaTThIK-i13[1eCTipy
OarmapiaaManapblH JaibIHIay XKoHE Kypy OoJbI TaOblIa bl Byil FBUIBIMH OaFBITTaFbl OKBITY SJICTEPiHIH KEH
KeJieMjie JIaMybl WHHOBAIMSUIBIK TIPOLIECTEPIli 3epTTEyre KOHE JKaHa aBTOMATTAHIBIPHUIFAH aKNapaTThIK
131ey KyHenepid Kypyra akesieai. OChl 3epTTey/IepACH THIMI MISIIIMISP MEH dCepIll HOTHXKEIePpIl aly YIIiH
KaHa KOMIIBIOTEPIK TEXHOJOTHsJIap FBHUIBIMH-TEXHHUKAJBIK AaKMapaTThl aTaylbl i3A€y YIIIH KOXiMIi
aKnaparThIK i3ey JKyHesnepiH mnaiganaHyra MyMKiHIIK Oepemi. OKy-aknmapaTThIK KbI3METTIH Ke3 KeJIreH



MIOHJIIK CaJaChIH COJI CallaJIaFbl YFBIMIAPIbIH HEePAPXHUSUIBIK CO3IIr — Te3aypyc apKbUIbl CHITATTayFa 0OIajbl.
CoHbIMEH KaTap, KOIITEreH MOHIIK cajlajap YIIH MyHIai Te3aypycrap OyphIHHAH )KMHAKTAIFaH.

Tipek ce31ep: MHHOBALUSIIBIK MTPOIIECC, aKIMAPATTHIK 1371y KYHECl, Te3aypycC, UEPaPXUSIIBIK CO3IIK,
JECKPHUIITOpIIAp.

OCHOBHBIE METOJAbI ABTOMATU3UPOBAHHOTI'O TE3AYPYCA B YUEBHOM IMPOLHECCE
I'yceiinoB X.HU., noktop dpunocodun no dhusuke, mpodeccop
Azepbatiodcanckull apxumekmypHo-cCmpoumesvuslil yHusepcumem, baxy, Azepbauioican

AnHoTauus. lllupokoe pa3BUTHE COBPEMEHHBIX METOAOB OOYYEHUS HAy4YHOW MBICIM HPUBOAMUT K
W3yYCHHUI0O HMHHOBALMOHHBIX TPOLIECCOB M CO3JAaHMI0 HOBBIX ABTOMAaTH3MPOBAaHHBIX CHCTEM IIOMCKa
uHpopManuu. BHeapeHre HOBBIX KOMIBIOTEPHBIX TEXHOJOTHUH IMO3BONAET HCIONB30BaTh TPaIWIMOHHEIC
CHUCTEMBI TOWICKa WH(pOpMANMKA B TPEAMETHOW O0MacTu i y4deOHO-MH(POPMAIMOHHOW AESTeThHOCTH,
KOTOPYIO MOKHO OITMCATh HEPAPXUUIECKHUM CIIOBapeM — Te3aypycoM. B naHHOI cTaThe MpecTaBIeHO OHO U3
WHHOBALIMOHHBIX  y4eOHO-METONMYECKUX  HampaBieHud B cdepe  oOpa3oBaHHsA:  IPOLECC
aBTOMAaTH3MPOBAaHHOM PEKOHCTPYKIMHU ONpeneneHHoro Ttesaypyca. Cosganue yueOHO-MH(OPMALMOHHBIX
MaTepHaJoB, IMOIpa3yMeBaloliee MOUCK U 00padboTKy OONBIIX 00beMOB HHPOPMAITH, CBA3aHO C PA3BUTHEM
U COBCPHICHCTBOBAHUCM COBPCMCHHBIX I/IH(I)OpMa]_[I/IOHHI)IX METOIOB O6y‘-ICHI/ISI. BaxxabiM u HeO6XOILI/IMI)IM
YCJIOBHUEM pe€alin3allui 3TUX MCTOHAOB ABJIACTCA IOATIOTOBKA M CO3JaHHMC HMHHOBAIIMOHHBIX IIPOCKTOB M
00pa3oBaTeNpHBIX IMPOrpaMM INOHCKa HHpopManuu. Pa3zButne MeTogoB o0Oy4eHHs] B 3TOM HAayYHOM
HaIlpaBJICHUU MPUBOAUT K U3YUYCHUIO MHHOBAIMOHHBIX ITPOUECCOB U CO3AaHNIO HOBBIX dBTOMATU3UPOBAHHLIX
cucreM Toucka uHpopmanuu. s goctkenrne 3QpQPEeKTUBHBIX PEIICHUH W BICYATISIOMINX PE3YyJIbTaTOB B
9THX HCCICIOBAHUSIX HOBBIE KOMIBIOTEPHBIE TEXHOJOIMH TO3BOJISIOT MCIOJNb30BaTh TPaIULMOHHBIC
UH(GOPMAILIIOHHO-TIONCKOBBIE CHUCTEMBI AJISI LIEJIEBOTO MOWCKA HAay4YHO-TEXHHUYECKOH nHpopmaruu. Jlrobas
npeameTHast oOmacTb oOpas3oBarenbHOW W HMHGOPMAIMOHHON JNEATEITBHOCTH MOXET OBITh ONucaHa
HEepapXUUECKUM CIIOBapéM KOHIENITOB 3ToW oOmactTm — Te3aypycoM. bonee Toro, i OONBIIMHCTBA
MPEIMETHBIX 00JIaCTel TaKKe Te3aypycChl YK€ IaBHO COCTABIICHBI.

KoueBble cjioBa: MHHOBAIMOHHBIA Mpoliecc, WHPOPMAIIMOHHO-TIONCKOBAsI CHCTEMa, Te3aypyc,
HEepapXUUECKUI CIIOBAPH, JECKPUTITOPHI.



